We hypothesized that reduced fractional anisotropy (FA) of water diffusion and its elevated agingrelated decline in schizophrenia patients may be caused by elevated hyperintensive white matter (HWM) lesions, by reduced permeability-diffusivity index (PDI), or both. We tested this hypothesis in 40/30 control/patient participants. FA values for the corpus callosum were calculated from high angular resolution diffusion tensor imaging (DTI). Whole-brain volume of HWM lesions was quantified by 3D-T2w-fluid-attenuated inversion recovery (FLAIR) imaging. PDI for corpus callosum was ascertained using multi b-value diffusion imaging (15 b-shells with 30 directions per shell). Patients had significantly lower corpus callosum FA values, and there was a significant age-by-diagnosis interaction. Patients also had significantly reduced PDI but no difference in HWM volume. PDI and HWM volume were significant predictors of FA and captured the diagnosis-related variance. Separately, PDI robustly explained FA variance in schizophrenia patients, but not in controls. Conversely, HWM volume made equally significant contributions to variability in FA in both groups. The diagnosis-by-age effect of FA was explained by a PDI-by-diagnosis interaction. Post hoc testing showed a similar trend for PDI of gray mater. Our study demonstrated that reduced FA and its accelerated decline with age in schizophrenia were explained by pathophysiology indexed by PDI, rather than HWM volume.
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Introduction
Fractional anisotropy (FA) of water diffusion, measured using diffusion tensor imaging (DTI), reflects the "integrity" of the cerebral white matter (Pfefferbaum et al., 2000; Song et al., 2003 Song et al., , 2005 Kochunov et al., 2007) , and is widely used in psychiatric and neurological research (Kanaan et al., 2005; Mori et al., 2007; Friedman et al., 2008; Kochunov et al., 2012b; Nazeri et al., 2012) . It has emerged as one of the more sensitive and replicable imaging biomarkers for schizophrenia (Mori et al., 2007; Friedman et al., 2008; Glahn et al., 2011; Perez-Iglesias et al., 2011; Kochunov et al., 2012b; Nazeri et al., 2012; Alba-Ferrara and de Erausquin, 2013 ). In addition, schizophrenia patients have been shown to have an accelerated rate of aging-related decline in FA values compared with controls in some studies (Mori et al., 2007; Friedman et al., 2008; Kochunov et al., 2012b; Wright et al., 2014) ; but not others (Jones et al., 2006) . The biology of reduced FA values and its potential accelerated decline with age in schizophrenia patients remains unknown. The specific aspects of the white matter integrity decline that FA is indexing in schizophrenia patients are insufficiently understood. We hypothesized that reduced FA and its accelerated decline with age in patients with schizophrenia may be caused by two distinct biological mechanisms. The first mechanism is the elevation of T2-hyperintense white matter (HWM) lesions; it would suggest cerebrovascular causes of reduced FA values. The second mechanism is indexed by a novel permeability-diffusivity index (PDI); it would suggest that reduced FA in patients may be due to a difference in the membrane permeability (Kochunov et al., 2013) .
First, we hypothesized that reduced FA values in schizophrenia patients may be due to increases in the HWM volume as measured by fluid-attenuated inversion recovery (FLAIR) imaging. Supportive of this hypothesis are findings of elevated HWM volume in psychiatric disorders (Swayze et al., 1990; McDonald et al., 1999; Sassi et al., 2003; Zanetti et al., 2008) , including schizophrenia (Swayze et al., 1990; McDonald et al., 1999; Sassi et al., 2003; Zanetti et al., 2008) , and particularly in older patients (Persaud et al., 1997; Lubman et al., 2002; Zanetti et al., 2008 
